rate has been 22 per cent. The overall mortality was 27 per cent.
The age distribution of survivors and dead is given in figure 2 . The average age for the two groups approximates 50 years, without a significant difference in spread. Of particular interest are the three survivors in the age group of 70 years and beyond. All three were intolerably handicapped by their disease; all three presented similar operative findings, namely, valvular cusps rendered extremely rigid by calcareous deposits on the aortic surface without commissural fusion; and in all three, a very satisfactory debridement with restoration of reasonable flexibility was possible.
The symptoms of aortic stenosis in the adult are angina (coronary insufficiency), syncope (cerebral insufficiency), and dyspnea (congestive failure). Fourteen patients of the present series were operated on primarily because of angina; of these, four died (see table 1) . In 10 patients, syncope was the principal indication; of these, two died. The highest mortality rate, 32 per cent, occurred in the group of 25 patients whose symptoms were predominantly those of congestive failure. In 53 patients wbo presented a combination of symptoms, the mortality rate was 26 per cent. The one " asymptomatic" patient was a young man of 18 in whom inereasing cardiac size and electrocardiographic evidence of left ventricular hypertrophy and strain were the indications for operation. lIeft-heart catheterization with measurement of peak gradient across the aortic valve was carried out successfully in 56 patients; in 42 of these, an aortic valve-area was calculated according to the method of Gorlin.2 The data are shown in figures 3 and 4. Initially, the posterior approach described by Bjork Overall clinical experience, 103 consecutive cases.
with the large left atria of mitral disease, had an appreciable mortality rate (3 deaths in approximately 60 studies). Because of this risk, we were reluctant to require laboratory documentation if the clinical evidence was sufficient to establish a diagnosis of high-grade aortic stenosis. Inereasing familiarity with transseptal techniques has led us back to the position of documenting the degree of aortic stenosis in the majority of cases, and in all cases where clinical uncertainty exists. Postoperative left-heart catheterization has not been done routinely. In four cases, it has confirmed a clinical impression of recurrent or persistent aortic stenosis. In five, it has corroborated clinical improvement in the patient. In two patients in whom no preoperative study was done, but in whom the clinical result was excellent, postoperative left-heart catheterization showed a modest gradient (table 2) . Figure 5 is presented in order to emphasize one aspect of the operative approach, namely, the time necessary to carry out a proper debridement and restorative valvuloplasty. In our early cases, the procedure was often hurried and, by later standards, less than satisfactory. Five of the initial 10 deaths were attributable in large measure to inadequate repair, particularly failure to correct antecedent regurgitation. With increased confidence in extracorporeal perfusion supplemented by moderate hypothermia, we founid that even severely handicapped hearts would tolerate astonishing periods of cardiac isehemia so long as an adequate operative repair of the valve was carried out. There are, of course, an imponderable number of variables, and obviously prolonged cardiac isehemia is basically undesirable. Nonetheless, in our experience, adequate repair of the valve remains a sine qua non for survival. The operative approach may be briefly summarized as follows. A median sternotomy is used with extension of the incision into the fourth right intercostal space if a concomitant open mitral valvuloplasty is contemplated. +Clinically well, no preoperative study (see text). §A.V.A. = calculated aortic valve area.
!|N -normal.
The superior vena eava is eanniiulated in the chest, the femoral artery and vein through a separate groin incision. In all but our first 10 patients, we have used a Kay-Cross disk oxygenator and Sigmamotor pumep for cardiopulmonary bypass. In the last 80 patients, a Brown heat exchanger has been used to produce general body hypotherniia in the range of 26 to 28 C. In the last 50 patients, local cardiac cooling has been employed, at first with ice water, later with saline slush. Four instances of phrenie nerve paralysis (two bilateral) in patients in whom ice was introduced into the pericardiuni have led us to re-examine the safety of this procedure and, pending clearer definition of the problem, to take special precautions, e.g., enclosing the heart and slush in a cellophane bag, in order to protect the phrenic nerves which lie on the outer surface of the pericardial sac. A preliminary report of this particular problem has appeared elsewhere.4 After satisfactory extracorporeal circulation is established, the aorta is occluded and a generous transverse or vertical aortotomy made 2 cm. distal to the estimated level of the valve. In a field kept dry by suetion, the anatomical situation is surveyed. Although infinite distortions are possible, cer-tain common patterns have emerged. As a general rule, moderate to heavy calcareous deposits (table 3) occur primarily on the ventricular aspect of the commissures and on the aortic surface of the cusps, although throughand-through extension of calcareous deposits is common. Frequently, the commissures themselves cannot be identified until superficial exereseences have been carefully rongeured away. An anatomical guide to the probable site of the commissure can usually be found at the point of attachment of the valve where, characteristically, there will be a longitudinal ridge in the aortic wall.
Recent work in our laboratory has outlined two points of considerable interest in regard to this calcification.* First, the calcification begins within the valve-leaflet itself, not on the surface, so that a clear plane between calcified and nonealcified tissue is unlikely. Second, preoperative tracer studies have shown a slow but active growth of the calcareous deposits in all valves studied. This growth was not associated with an inflammatory reaction in any valve, and possible rheumatic activity was as far removed as 40 years. In 30 of our patients, we have found bicuspid aortic valves; in 18 of these, there has been an abortive third commissure. The distinction between a congenital and acquired bicuspid valve is not always clear from gross inspection in the presence of an abortive third commissure. The problem is one which has intrigued pathologists for many years. Ko-letsky5 describes two types of congenital bicuspid valves. "The first type is evidently due to improper development of the endocardial swellings in the truncus arteriosus that form the rudimentary cusps or possibly to faulty growth of the aortic septum which normally bisects the two lateral endocardial cushions. In the second type there is maldevelopment of a commissure due to arrested growth of the annulus fibrosus and of the projection of the annulus that normally forms the commissural cusp margins. The congenital ridge thus represents an abortive and deformed commissure."
In our experience, an abortive commissure acts as a buttress to prevent the involved cusp from folding back during systole. It should be carefully removed by rongeur dissection, not avulsed. Our total experience with bicuspid valves is summarized in table 4. Thirty valves were identified as bicuspid; in two additional cases, a tricuspid valve was left bicuspid, since incision of the third commissure would obviously have destroyed the competence of the valve. Of the 32, there have been 23 good to excellent clinical results, one has come to reoperation, one shows evidence of clinical recurrence, and there have been two late deaths.
In dealing with a heavily calcified valve, we have found delicate pituitary rongeurs to be of inestimable value. A painstaking, meticulous debridement is carried out, strenuously avoiding the temptation to remove large bites of tissue. After superficial exereseences that obscure the commissures have been removed, and the latter identified, we usually begin our debridement deep in the sinuses of Valsalva, working back to the free edges of Left-heart catheterization data. valve area (Gorlin2).
Calculated aortic the cusps and the aortic aspect of the commissures. If a perforation of the cusp is made, it must be repaired. This can be done with a pericardial, Dacron, or Teflon patch. Certain badly distorted or damaged cusps are irreparable and must be replaced. Undoubtedly, we have erred at times in trying to repair an irreparable valve. Delayed recognition that the valve is irreparable leads to excessively long procedures and usually to operative disaster. From our own experience, we are convinced that an inadequate repair led to 9 of 28 operative deaths, and certainly in this group a satisfactory prosthesis, expeditiously inserted, would have been preferable (see table 5 ).
Usually, the point of maximal difficulty is the commissure. If this is merely fused and not calcified, the problem of incision is ordinarily not difficult. If calcification is present, the greatest effort should be directed to debridement of the ventricular aspect, and after this is done, the majority of commissures can be incised to a point 2 mm. from the aortic wall. It is the unusual valve which, after careful debridement, the surgeon can regard with complete satisfaction. He may accept the anatomical result as satisfactory, however, if the commissures are incised to within 2 mm. of the aortic wall, and a "reasonable" degree of flexibility has been restored to the cusps.
He cannot tolerate anything that suggests valvular incompetence. If the cusps are foreshortened, he is faced with the choice of cusp replacement, leaflet extension, or "bicuspidization" of the valve. Any significant degree of regurgitation becomes immediately apparent when, after closure of the aortotomy, the aorta-occluding clamp is removed and the left ventricle is found to distend rapidly. Although resuscitation of the heart may be possible under these circumstances if a left ventricular catheter is inserted and led off to the perfusion apparatus as a left-heart bypass, it is usually necessary to reclamp and reopen the aorta and revise the valvular repair. In these circumstances, the surgeon's lot is not a happy one.
As indicated earlier, we have found that satisfactory debridement of a difficult calcified valve requires 40 to 50 minutes of intensive effort. The aortotomy is then closed with a running over-and-over suture, using strips of Teflon felt for reinforcement, interspersed with several strategically placed everting mattress sutures. The aortic clamp is then removed and, with restoration of the coronary circulation, the heart begins to fibrillate. The heart is allowed to warm to 34 to 33 C., and then, usually, electrical defibrillation is possible. We have not used a left atrial or left ventricular venting catheter routinely, but do so regularly if the period of cardiac isehemia has been prolonged beyond 60 minutes, or if for any reason we anticipate difficulty with resuscitation.
The immediate results of operation are summarized in table 5. There have been 28 hospital-deaths in 103 operative cases. Sixteen deaths occurred in the operating room or within the first 48 hours. Nine of these could be attributed to technical inadequacy; six reflected our iiiability to resuscitate or support a damaged myocardium. There were 12 late hospital-deaths. Five of these were the result of cerebral emboli, again emphasizing the inherent dangers of operations on the left side of the heart and the need to remove all loose debris from the operative site. Five died of sepsis; three of these had required reexploration of the incision on the evening of operation because of postoperative bleeding. In passing, we should note that the incidence of postoperative bleeding in this series has been disturbingly high, 17 eases requiring reexploration in spite of careful hemostasis at the time of operation. The site of the postoperative bleeding has not always been identifiable, but three leaking aortie suture lines have led us to employ Teflon reinforcements of the aortie elosure.
In the 75 survivors, the usual length of postoperative hospitalization has been approximately two weeks, followed by an additional one to two months of convalescence. The majority of patients have eontinued to take digitalis and to observe sensible salt restrietion, but otherwise have returned to useful, produetive aetivity.
Long-term results, insofar as they ean be judged at this time, are eneouraging (see table 6 ). Of 46 patients operated on two or more years ago, there are 31 hospital-survivors. At the time of this report, 23 eontinue to show worth-while to exeellent improvement, as judged by return to usual employment or aetivity. Three patients have eome to reoperation at 24, 20, and 14 months, respectively, for obvious recurrence. All survived reopera-tion and are doing well 34, 30, and 4 months after their second operations. There is one patient who, at present, shows clinical and laboratory evidence of recurrence. There have been four late deaths, three of recurrence and one of endocarditis. All of the late deaths and recurrences have occurred in patients operated on two or more years ago. Since the patients coming to operation were a highly symptomatic group, and since aortic stenosis -once symptomatic is known to bear an ominous prognosis, the results of aortic -valvuloplasty, even though the operation is recognized to be palliative and not curative, must be considered worth-while. At the same time, the need for further technical refinements and improvements is obvious.
In the entire group of 103 patients, 21 had mitral stenosis of sufficient severity to warrant mitral valvuloplasty at the time of aortie valvuloplasty (see table 7 ). In 13 cases, when this could be done as a "closed" procedure, the overall mortality was 23 per cent and the clinieal results generally excellent. Open mitral valvuloplasty was carried out in 8 patients in whom there was demonstrable calcification of the mitral valve or significant mitral regurgitation. The mortality rate in this more difficult group was 38 per cent. The number of cases is elearly too small to allow any generalizations about the protective effect of mitral stenosis on the course of aortic valvular disease.
Summary and Conclusions 1. A consecutive series of 103 adult patients who underwent open repair of aortic stenosis is presented. The objective of operation, whenever possible, was adequate debridement and commissural incision. The details of the op-erative approach are briefly reviewed. Cusp replacement (Hufnagel type) was carried out in only four cases, with one survival, where the local situation precluded satisfactory repair of the valve.
2. An overall hospital nmortality rate of 27 per cent is reported, with a recent mortality rate (the last 50 cases) of 22 per cent. Concomitant mitral valvuloplasty was carried out in 21 patients, with a mortality rate of 23 per cent.
3. The limitations of plastic procedures to deformed and calcified aortic valves are obvious. Indeed, in a certain proportion of cases, valvular replacement is clearly preferable. However, immediate and long-term results of thorough debridement and commissural ineision are sufficiently encouraging to warrant their further trial until alterniative methods of reconstruction and replacement are proveni superior.
